Several lines of evidence demonstrated that maternal infection during gestation might be an environmental risk factor for offspring to develop mood and anxiety disorders later in life. Previous experiments revealed that anxiety-related behavior, observed after prenatal immune challenge, is associated with increased histone deacetylase (HDAC) activity in adult female mice. Based on these findings, this study aims to investigate which class I and II HDAC isotypes might be involved in the development of the long-lasting consequences of prenatal immune challenge. Therefore, pregnant C57BL/6JRccHsd inbred mice were intravenously injected with poly I:C (5 mg/kg bodyweight) at gestational day (GD) 17 to mimic a viral infection. Brains from adult offspring were homogenized and used for western blotting to analyse the relative protein levels of HDAC1, 2, 3, 4, 5 and 6.
Introduction
Mood and anxiety disorders contribute to the most prevalent classes of disorders in the western population; in terms of lifetime prevalence, this corresponds to an estimate of 20.8% and 28.8% respectively (1) . According to DSM-V, major depressive disorder is a heterogeneous disorder comprising a high variable set of symptoms, ranging from depressed mood to feelings of inappropriate guilt and recurrent thoughts of death (2, 3) .
Although various hypotheses have been proposed, a definite molecular mechanism of mood disorders remains unresolved. This lack of understanding impedes the development of effective therapeutic strategies, as underscored by the fact that less than half of the patients show complete remission after antidepressant treatment (4) . To provide new therapeutic targets, this study aims to elucidate whether there is a neurodevelopmental origin for affective disorders, mediated by epigenetic modulation.
The monoamine hypothesis posits that depression originates from an imbalance in mainly serotonergic and noradrenergic neurotransmission (5) . In line with this classic theory, depletion of the essential amino acid tryptophan (TRP) -the precursor of serotonin (5-HT) -may result in the development of depressive symptoms (6) . As presented in Figure 1 , pro-inflammatory cytokines can reduce 5-HT levels by enhancing the enzyme indoleamine 2,3-dioxygenase (IDO), which is located in the lungs, placenta, blood and brain (7, 8) . IDO converts TRP into kynurenine (KYN), which is able to pass the blood brain barrier when produced peripherally (9) . Heyes et al. reported that microglia can metabolize KYN into the neurotoxic 3-hydroxykynurenine (3-OH-KYN), a pathway enhanced by immune activation, and quinolinic acid (QUIN) (10, 11) . 3-OH-KYN may induce neuronal cell death by generating reactive oxygen species, whereas additional neuronal damage is caused by QUIN, which is an excitotoxic N-methyl-D-aspartate (NMDA) receptor agonist (12, 13) . However, astrocytes are able to convert KYN into the NMDA receptor antagonist kynurenic acid (KA), which protects neurons against NMDA overstimulation induced by QUIN (14, 15) . Accumulating evidence suggests that the balance between neurotoxic and neuroprotective metabolites is decisive in the development of affective disorders (8, 16) . Recently, prenatal exposure to cytokines receives considerable interest, due to its ability to interfere with foetal brain development, which might result in long-lasting consequences.
Foetal brain development is the result of complex dynamic events, ranging from neuronal birth to neuronal migration and synaptogenesis. Since these events depend on gene expression and environmental input, deviations in these factors may alter neuronal structure and function (17, 18) . Canetta and Brown argue that activation of the maternal immune response may result in elevated cytokine levels in the foetus through direct (i.e. maternal sera) and/or indirect (i.e. activation of the foetal immune system) mechanisms (19, 20) . In the foetal brain, these cytokines may interfere with neuronal development, as illustrated by interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumour necrosis factor-α (TNF-α) which are able to affect neuronal survival and dendrite development (21, 22) .
Ultimately, this might result in the development of neuropathological and/or behavioral consequences later in life (19) (20) (21) (22) Epigenetics refers to heritable changes in DNA or associated proteins, while preserving the underlying base-pair sequence (14) . In addition to being essential in development and differentiation, epigenetic marks are present in mature mammals, either random or as a result of environmental exposure (23) . For this reason, the study of epigenetics can be seen as the interface between genotype, phenotype and environment. The structural units of chromatin are nucleosomes, in which DNA is wrapped around a protein core consisting of two copies of four globular core histones. These core histones contain N-terminal amino acid tails which are prone to post-translational modification (e.g. histone acetylation), affecting the higher-order chromatin structure (24) . HDACs catalyze histone deacetylation, leading to chromatin condensation. In promoter regions, chromatin condensation is often associated with gene inactivation (25) . Members of the mammalian HDAC family are subdivided into four main classes, in which class I (HDAC1, 2,3 and 8) and II (HDAC4, 5, 6, 7, 9) are the most prominent in the nervous system (26) . 
Material and methods

Animal model of prenatal immune challenge
Male and female C57BL/6JRccHsd inbred mice (Harlan Laboratories, Germany) were housed per four (single-sex) in conventional climate-controlled cages (55% humidity, 
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KCl, Na2HPO4, KH2PO4, H2O; Sigma-Aldrich, Germany) as control. In this study, brains from 18 mice (9 male, 9 female) of the offspring from poly I:C stimulated mice, and 18 mice (9male, 9 female) of the offspring from PBS treated mice, were used for HDAC immunoblotting.
Fourteen weeks after birth, male and female offspring was anesthetised by intraperitoneal injection containing 100 µl/g bodyweight narcotics (2% xylacin, 10% ketamin, NaCl) and sacrificed by cervical dislocation. The brains were dissected and stored in RNAlater® (Qiagen, Germany).
First western blot pilot
Since the brains from the prenatal immune challenge mouse model were unavailable at the start of the pilot studies, fresh frozen brain tissue from an unrelated mouse model was used for the first western blot pilot. The brain tissue was mechanically homogenized using the Mini-Beadbeater TM (Biospec, The Netherlands). Lysis buffer (PBS, 1% igepal, 0.1% triton, 1% glycerol, 1mM EDTA, 1mM EGTA, protease cocktail in Milli-Q) was used to dissolve the cell membranes and inhibit proteolytic enzymes which could damage target HDACs. #9928, #7612; Cell Signaling Technology) and GAPDH (1:2,000,000; Fitzgerald) on parafilm at 4 o C. After the membranes were washed once with PBS 0.1% Tween and twice with PBS, the blots were incubated with secondary antibodies; goat anti rabbit (Alexa 800; 1:10,000;
LI-COR) and donkey anti mouse (Alexa 680; 1:10,000; LI-COR) on the shaker at room temperature for one hour. The membranes were washed (PBS 0.1% Tween, PBS, PBS) and protein bands were visualized using the Odyssey Scanner (LI-COR). Images were optimized using application software version 2.1 (Odyssey Infrared Imaging System).
Second western blot pilot
Since the protocol of the second pilot study is identical to the protocol used in the first pilot study, it will not be described separately. In contrast to the first pilot study, this experiment used two fresh frozen brains derived from female offspring of mice stimulated with either poly I:C or PBS.
In addition to the brains derived from the prenatal immune challenge mouse model, an extra sample was loaded into the SDS-PAGE gel to analyze the protein level of HDAC6. As this sample was used in the first western blot pilot, it served as a positive control in the second pilot study. Moreover, due to negative results obtained in the first western blot pilot, it was decided not to test the HDAC5 antibody in this experiment.
Results
First western blot pilot
A pilot study was performed to test and optimize a western blot protocol, which aimed to analyse the relative protein levels of HDAC1, 2 3, 4, 5 and 6 in brain tissue. In the first pilot study, three samples were used which contained brain stem and upper part of the spinal cord from an unrelated mouse model. As presented in Figure 2 , all blots -including the negative control -expressed a nonspecific band at 25 kDa, caused by nonspecific binding of the secondary donkey anti-mouse antibody. Furthermore, a weak signal specific for HDAC1
and HDAC3 was detected. This might be attributed to an ineffective transfer, masking of the antigen by blocking buffer, or simply because the samples contained a low HDAC1
and HDAC3 antigen concentration. In contrast to HDAC1 and HDAC3, a clear HDAC2 signal was observed. However, the flaw in this blot is that the expression of the housekeeping gene GAPDH is decreased compared to the other blots. This might be explained by an uneven agitation of primary antibodies as a consequence of their incubation on parafilm.
In addition to their antigen specific bands, various nonspecific bands were detected in the blots specific to HDAC4 and HDAC6. The specificity of the monoclonal HDAC4 and HDAC6
antibodies is questioned, since the height of some these nonspecific bands correspond to 
Second western blot pilot
A second western blot pilot was performed to analyse the protein levels of HDAC1, 2, 3, 4 and 6 in brains derived from offspring of mice exposed to poly I:C or PBS. As presented in Figure 3 , no protein bands specific to HDAC1 and HDAC3 were detected, which might be attributed to inadequate protein extraction by SDS. Furthermore, a weak specific signal was observed in the HDAC4 and HDAC6 blots. Since the signal of the marker was not observed at high molecular weights (> 100 kDa), these findings might be the result of an ineffective transfer of proteins with high molecular weights. This theory is strengthened by the results obtained from the positive control (brain tissue from first pilot study), in which the signal specific to HDAC6 and GAPDH appeared to be reduced compared to the first pilot study ( Figure 2 , Figure 3 ; see S1). Although the western blot protocol was identical for both pilot studies, the protein transfer might have been less effective in the second pilot study. In future pilot studies, this experiment should be repeated, in which a positive control is used for each HDAC. In contrast to HDAC1, 3, 4, and 6, a clear HDAC2 signal was detected. However, the protein band observed in the poly I:C group is irregular, which might be caused by air bubbles trapped between the gel and the nitrocellulose membrane during transfer (29) . 
Discussion
This study aimed to elucidate which class I and II HDAC isotypes might be involved in the development of anxiety-related behavior, observed after prenatal immune challenge.
Therefore, homogenized brains of prenatal immune challenged mice were used for western blotting, to analyse the protein levels of HDAC1, 2, 3, 4, 5 and 6. Due to a lack
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of signal in HDAC1, HDAC3 and HDAC5, an irregular signal in HDAC2, and a weak signal in HDAC4 and HDAC6, the quality of the western blots was insufficient for protein quantification. Therefore, no subsequent comparison could be made between mice exposed to prenatal poly I:C and PBS in the current study. Instead, this section provides a theoretical framework relating histone remodelling to affective disorders in the context of prenatal immune challenge.
After administration, poly I:C binds to toll-like receptor (TLR) 3 which stimulates the maternal viral-like acute phase response mediated by various cytokines, presumably IL-1β, IL-6 and TNF-α, as presented in Figure 4 (30). Canetta and Brown argued that maternal immune activation may lead to elevated cytokine levels in the foetus (19) . After crossing the blood brain barrier, the cytokines might exert detrimental effects on brain development through direct and indirect mechanisms, including the production of oxidative stress and activation of the kynurenine pathway. In addition to the (in)direct effects of cytokines, the maternal immune response can adversely affect foetal brain development via alternative mechanisms. Immune activation is often accompanied by hypothalamic prostaglandin E (PGE 2 ) synthesis which might induce fever. Together with the induction of neuropeptidemediated anorexia, this might result in potent metabolic deficiencies in the foetus (31) .
Accumulating evidence suggests that prenatal malnutrition increases the risk to develop neuropsychiatric disorders later in life, reviewed by Markham and Koenig (18) . Additionally, foetal oxygen supply is impaired during maternal infection as a result of restricted placental blood flow. Consequently, oxygen deprivation can further stimulate cytokine production or exert its detrimental effects via the production of reactive oxygen species (18) . Furthermore, the maternal immune response plays an important role in stimulating the hypothalamic-pituitary-adrenal (HPA) axis, which results in elevated levels of glucocorticoids (GCs) in pregnant mice. After crossing the placenta, GCs can interfere with neuronal development, for example by inhibiting neurogenesis and synaptogenesis (32) . Therefore, to attribute the neurobehavioral effects observed in prenatal immune challenged mice, to cytokines; the consequences of prenatal malnutrition, hypoxia and hypersecretion of GCs on foetal brain development should be considered. Formulation of the conclusion and the writing were performed by the student.
